Abstract: Prevalence of overweight among the general population has been reported to be 33% for males and 36% for females. We undertook this study to establish overweight prevalence data in a cohort with Down syndrome and to stratify the incidence of overweight by living arrangement. We measured Body Mass Index (BMI) in 283 persons with Down syndrome and found a higher prevalence of overweight in this group compared to the general population. Individuals with Down syndrome living in a family setting had a higher incidence of overweight than did those living in a group home setting. Overweight prevalence among persons with Down syndrome should be considered a major public health concern that warrants further attention from researchers, practitioners, family members, and individuals with Down syndrome.
The number of overweight Americans has been rising in the United States for the last 20 years (Stamler, 1993) . The Centers for Disease Control and Prevention (1997) recently published the Third National Health and Nutrition Examination Survey, which is the most comprehensive tracking system in the nation on the prevalence of overweight among Americans. This survey revealed that between 1987 and 1993, overweight prevalence increased 3.3% for men and 3.6% for women. The total number of overweight Americans now stands at 33% for men and 36% for women. These increases have raised serious concerns about the health of the nation and prompted health experts to wage a national campaign against obesity.
Overweight is a major risk factor for many chronic diseases, including heart disease, Type II diabetes, and arthritis (Leon et al., 1996; Manson et al., 1990) . Being overweight also exacerbates other health problems, such as high blood pressure, high blood cholesterol, and asthma (Coldtz, 1992) . All of these conditions impose a serious burden on our health care system and deteriorate the quality of life for millions of Americans. Colditz (1992) estimated that the economic costs of obesity in this nation totals $40 billion annually, or 5.5% of the total cost of illness.
As part of the nation's efforts to improve the health of all Americans, a major national policy decision was formulated in the 1970s to set 10-year health objectives for all Americans, including persons with disabilities. The plan was called Healthy People 2000. In the report, there is an objective related to the reduction in overweight prevalence for all Americans (U. S. Department of Health and Human Services, 1991) . For people ages 20 and older, overweight was defined as a Body Mass Index (BMI) equal to or greater than 27.8 for men and 27.3 for women. The goal in the Healthy People 2000 report is to reduce the incidence of overweight among persons with disabilities from 36% to 25% by the year 2000. To our knowledge, there are no large published data sets on overweight prevalence in specific subgroups of persons with disabilities, including adults with Down syndrome. Subsequently, when new reports are published in the year 2000, there will be no way to generalize the findings and recommendations to adults with Down syndrome. Although there are published data on the incidence of overweight among persons with mental retardation (Fox & Rotatori, 1982; Frey & Rimmer, l995; Kelly, Rimmer, & Ness, l986; Rimmer, Braddock, & Fujiura1993) , there is very little information on the prevalence of overweight among a large cohort of adults with Down syndrome,. In one of the few investigations on overweight prevalence among persons with Down syndrome, Bell and Bhate (1992) evaluated the BMI of 58 adults with Down syndrome and compared them to a group of adults with mental retardation who did not have Down syndrome. The subjects resided in England and lived with their family or in a small apartment subsidized by the government. The investigators found that there was a high percentage of overweight among adults with Down syndrome and that there was a greater percentage of overweight adults with Down syndrome (71% of males and 96% of females) compared to adults with mental retardation who did not have Down syndrome (49% of males and 63% of females).
Because of the growing emphasis on reducing the incidence of overweight among all Americans, it becomes important to establish baseline data for specific subgroups of individuals with disabilities. Developers of specific intervention strategies must take into consideration the physical, psychological, and socioeconomic factors that may interplay with the disability and the prevalence of overweight. Our purpose in this study was to determine the incidence of overweight among a large cohort of adults with Down syndrome and compare these data to existing standards established in Healthy People 2000. An additional purpose was to compare BMI and prevalence of overweight between persons living at home with their family and those residing in a group home setting.
Method

Subjects
Body Mass Index data were collected on persons with Down syndrome as part of a retrospective study. Medical records from 283 adults with Down syndrome (146 males, 137 females) were examined at one of the largest adult Down syndrome clinics in the nation. Subjects were ambulatory, ranged in age from 15 to 69 years, and came to the clinic on an annual basis for a complete physical examination at which time they were evaluated on several health indices. Of these participants, 126 lived with a family member and 157 lived in a group home.
Procedure
All data were collected at the Adult Down Syndrome Center. A Health -O-Meter scale was used to measure height to the nearest inch and weight to the nearest pound. Data were then converted to meters (height) and kilograms (weight) to compute BMI (Weight[kg]/Height[m ). This technique has been internationally accepted as an index for expressing overweight (Bray, 1992; Tokunaga et al.,1991) . Body Mass Index , also known as the Quetelet index, is calculated by dividing a persons body weight in kilograms by his or her height in meters squared. It has been found to be highly correlated with other estimates of adiposity (body fat) and minimizes the effect of height (Frankle, 1988) . The criteria used for overweight was defined from Healthy people 2000 as a BMI of 27.3 or higher for women and 27.8 or higher for men (U. S. Department of Health and Human Services, 1991.)
Data analysis
We used descriptive statistics and two-tailed independent t tests to test differences in BMI levels between males and females and individuals in both living arrangements. The alpha level for significance was set at .05.
Results
The anthropometric characteristics of the subjects by living arrangement appear in Table 1 . Females were shorter, p <.05., and lighter, p<.01, than males but had a higher BMI, p<.05. The reference height for an adult male in the general population is 1.74 m and for females, 1.64m (McArdle, Katch, & Katch, 1991) . Our data show that the height of adults with Down syndrome was lower for both males and females compared to the general population. This is consistent with results of other researchers who have examined the height and weight of persons with Down syndrome (Rimmer, Braddock, & Fujiura, 1992; Thelander & Pryor, 1966) . Rimmer et al. also compared the height of persons with Down syndrome to individuals with mental retardation who did not have Down syndrome. They found that adults with Down syndrome were shorter than were persons with mental retardation due to other causes (with Dow syndrome: males=1.57m, females=1.50 m; mental retardation due to other causes: males=1.71m, females=1.56m). In the present study, there were not differences in height for males and females living in the family or group home setting. However, body weight and BMI were significantly higher for males and females living in the family setting compared to those living in the group home setting, t(261) = 2.204, p<.05. Figure 1 , which reflects the standards for overweight established in Healthy People 2000 of 27.8 kg/m for men and 27.3 kg/m for women (U.S. Department of Health and Human Services, 1991), illustrates that 45% of men and 56% of women were classified as overweight. Figure 1 also shows that a higher percentage of overweight subjects resided in the family setting compared to the group home setting for both sexes and that in both settings a greater proportion of females than males were overweight. Figure 2 shows the mean BMI levels for each living arrangement and for males and females within each setting. Mean BMI levels were significantly higher for the family setting when males and females were combined, t(229) = 2.20, p<.05. There was no significance, however, when males and females were separated within each setting. Although not statistically significant, BMI levels were consistently higher in the family setting compared to the group home setting for both males and females. Figure 3 shows that BMI for adults with Down syndrome appears to increase up until age 30, then begins to decline from ages 31 to 70. This contrasts with the trend in the general population, which shows a steady rise in BMI, stabilizing at overweight levels after age 40. Adults with Down syndrome appear to be above the Healthy People 2000 overweight level for age decades 20 through 50, whereas adults in the general population tended to first reach overweight levels after age 40.
Discussion
The prevalence of overweight in the United States is extremely high (Stamler, 1993) . The Centers for Disease Control and Prevention (1997) reported that over 33% of men and 36% for women in the United States are overweight. Adults with Down syndrome, however, have significantly higher tendencies to be overweight. Using the criteria established in the National Health and Nutrition Examination Survey and Healthy People 2000 reports, we found that 45% of males and 56% of females were overweight. These figures are substantially higher than those for the general population and should be of concern to health care professionals, caregivers, and persons with Down syndrome.
The data also revealed that BMI levels for males and females combined were significantly higher in the family setting than in the group home setting. Although comparisons by setting and gender were not statistically significant, they do have practical significance in that the BMI values were 2 points higher for the males (29.8 vs. 27.8) and almost 2.5 points higher for the females (32.1 vs. 29.7). The reason we did not find significant differences in BMI levels between the two settings when separating males and females was that statistical power was reduced with the smaller sample size. We also were not able to detect significant differences in overweight prevalence, despite the fact that BMI levels were significantly higher in the family setting. This result is consistent with those in other studies in which investigators have shown a trend toward higher overweight prevalence in the family setting (Rimmer et al., 1993; Rimmer, Braddock, & Marks, 1995) .
The present study was strictly descriptive in nature; causality was not investigated. It is possible, however, that higher BMI levels in the family setting were due to greater opportunity for food intake and less participation in exercise and activity. In group home settings, there is often more involvement in community skills training, such as mobility and activity planning, and domestic skills training, such as menu planning and meal preparation (Martin, 1988) . Future investigators should examine the variables associated with a higher prevalence of overweight among persons with Down syndrome in the family setting and attempt to determine why BMI levels seem to decline as the population ages.
Adults with Down syndrome are more likely to experience the effects of premature aging compared to the general population (Zigman, Seltzer & Silverman, 1994) . Such effects often include earlier declines in intellectual and adaptive functioning and an increase in age-related health and sensory conditions, such as hypothyroidism, immune system deficiencies, sleep apnea, and hearing and vision losses (Adlin, 1993; Hawkins, Eklund, & Martz, 1992; Heller, 1997; Zigman et al., 1994) . Perhaps the precocious aging of individuals with Down syndrome may be partly responsible for the rapid decline in weight at earlier stages of life in the general population ( see figure 3) . This is the first study in which the prevalence of overweight in a population of individuals with Down syndrome in the United States was examined. Bell and Bhate (1992) , who investigated the prevalence of overweight among persons with mental retardation with and without Down syndrome in England, included only 58 subjects with Down syndrome. Because they used a different set of criteria for establishing overweight, it is not possible to compare our results to their findings. Out data, however, are consistent with their finding that the prevalence of overweight among persons with Down syndrome is much higher than in the general population.
Our findings reveal that the prevalence rate reported in the Healthy People 2000 report (33% for men, 36 % for women) is not representative of persons with Down syndrome. Based on our findings, persons with Down syndrome are at higher risk than are individuals in the general population for diseases related to overweight conditions. The goal reported in Healthy People 2000 of reducing the incidence of overweight among persons with disabilities to less than 25% by the year 2000 is unrealistic for persons with Down syndrome. We, therefore, recommend that additional research be conducted to develop the test weight-reduction strategies for persons with Down syndrome, specifically to empower individuals with Down syndrome to become proactive with their health and fitness and that the Healthy People 2010 goals currently being formulated be inclusive for males and females with Down syndrome.
